reported. Our interest in the sweetness of this plant resulted in the finding of sweet pregnane glycosides, which are a new class of intense sweetener from natural sources. The present paper describes the isolation and structural elucidation of eighteen new polyoxyprenane glycosides named telosmosides A 1 -A 18 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
In order to identify the component sugars of the glycosides, a crude glycoside fraction was hydrolyzed under a mild acidic condition. The component sugars were identified as D-cymarose (Cym), D-oleandrose (Ole), D-digitoxose (Dig), D-thevetose (The), 6-deoxy-3-O-methyl-D-allose (Alm) and D-glucose (Glc) , by comparing them with corresponding authentic samples on TLC and optical rotations. All sugar linkages of these glycosides were assigned to be in the bform based on the coupling constant of anomeric protons in 1 H-NMR spectra (Table 3) .
The molecular formula of telosmoside A 1 (1) was determined as C 49 4 , were assigned to C-4Љ and C-5Љ methyls of the 2-methylbutyryl group. In the 13 C-NMR spectrum of 19, chemical shifts of all signals ascribable to a steroid nucleus and acetyl group at C-12 were almost the same as those of isotomentosin (20). 2a) The difference between 19 and isotomentosin is only the acyl group at C-20. Finally, the locations of the acetyl and 2-methylbutyryl groups were assigned to C-12 and C-20 respectively, thanks to the heteronuclear multiple bond connectivity (HMBC) spectrum. Long-range correlations were observed between C-1Ј of acetyl group (d 171.3) and aglycone H-12 (d 4.96), and between C-1Љ of 2-methylbutyryl group (d 175.8) and aglycone H-20 (d 4.93). From these evidences, the structure of 19 was determined as 12-Oacetyl-20-O-2-methylbutyryltomentogenin,
3) an isomer of tomentonin, 4) and 19 was named telosmogenin I. Glycosylation shifts of the aglycone carbon signals of 1 compared with those of 19 were observed at C-2 (Ϫ2.3 ppm), C-3 (ϩ6.0 ppm) and C-4 (Ϫ4.2 ppm). Therefore, the sugar moiety must link to the C-3 hydroxyl group of 19. An HMBC spectrum of 1 was measured to confirm the linkages of the sugar chain and two acyl groups. There were correlations between aglycone C-3 (d 76. 13 C-NMR spectral data ascribable to the sugar moiety of 1 were almost superimposable on those of stephanosides C and G with the sugar chain (-Cym 4 -Ole 4 -The) previously isolated from Stephanotis japonica. 2a,5) The structure of 1 was thus determined to be telosmogenin I 3-O-
The NMR spectral data of telosmosides A 2 -A 18 (2-18) indicated that they were 3-O-glycosides of telosmogenin I (19), and each of them differed from the others in the sugar moiety at C-3.
Telosmoside A 2 (2) had the molecular formula C 55 H 92 O 22 based on FAB-MS. The enzymatic hydrolysis of 2 with bglucosidase gave a deglucosyl derivative which was identified as 1 on TLC. The sugar sequence of 2 was determined to
based on the agreement of the 1 H-and 13 C-NMR spectral data for the sugar moiety of 2 with the marstomentosides B, D, F, J, N, O and P from Marsdenia tomentosa.
2) Accordingly, the structure of 2 was concluded as shown.
FAB-MS of telosmoside A 3 (3) afforded a [MϪH] Ϫ peak at m/z 1266 (C 61 H 101 O 27 ), 162 mass units more than that of 2, suggesting the presence of an additional glucose unit in the molecule. The 13 C-NMR spectral comparison of 3 with 2 showed a glycosylation shift of ϩ9.6 ppm for the first glucose C-4 (d 81.6) in 3 compared with that of 2, which indicated the site of glycosylation. Further, the sugar sequence of 3 was confirmed by an FAB-MS analysis which showed ions
. Therefore, the sugar moiety in 3 was assigned as 3
Telosmoside A 4 (4) had the molecular formula 9.5 9.6 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9. .0 C-4Љ 11.6 14.2 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11. a-e) Signal assignments may be interchangeable in each column.
mass units more than that of 6. This suggested the presence of an additional 2,6-deoxy-3-O-methylhexose unit in the molecule of 7. The NMR spectrum of 7 was very similar to that of 6, except for a set of signals ascribable to an oleandrose unit attached to C-4 of the first oleandrose unit, due to a glycosylation shift of ϩ6.4 ppm at its C-4 (d 82.6). The sugar sequence of 7 was confirmed by an HMBC experiment, and its structure was concluded as shown.
FAB-MS of telosmoside A 8 (8) afforded a [MϪH]
Ϫ peak at m/z 1074 (C 54 H 89 O 21 ), 162 mass units more than that of 6, suggesting the presence of an additional glucose unit in the molecule. Enzymatic hydrolysis of 8 with b-glucosidase produced 6. Using a strategy similar to the one mentioned above, the structure of 8 was established.
Telosmoside A 9 (9) showed the molecular formula C 54 H 90 O 22 based on FAB-MS. In the 1 H-and 13 C-NMR spectra, four anomeric proton signals and four anomeric carbon signals were observed respectively. Thus 9 was determined to be a 3-O-tetraside, whose component sugars were revealed as one digitoxose, one oleandrose, one thevetose and one glucose from analysis of an acid hydrolysate. The sugar sequence of 9 was determined to be 3
Telosmosides A 10 (10), A 11 (11) and A 12 (12) were suggested to have the molecular formulae C 62 H 104 O 22 , C 62 H 104 O 23 and C 61 H 102 O 24 , respectively, based on FAB-MS. In the 1 H-and 13 C-NMR spectra of each compound, five anomeric proton signals and five anomeric carbon signals were observed. These compounds were then suggested to be 3-O-pentosides. On acid hydrolysis, 10, 11 and 12 produced cymarose, oleandrose and digitoxose. Additionally, 11 gave thevetose while 12 afforded glucose as the component sugars. A comparative analysis of the 13 C-NMR spectra of these compounds and 7 showed that carbon signals of these compounds were almost superimposable on those of 7, except for those due to the occurrence of one additional molecule of oleandrose, thevetose and glucose in 10, 11 and 12, respectively. The difference between these compounds is only at the terminal sugar unit of the oligosaccharide moiety. This was confirmed by the FAB-MS analysis of these compounds which showed the same ion at m/z 1056, corresponding to the loss of one terminal sugar unit in the molecule of each compound. Therefore, the sugar moieties of 10, 11 and 12 were assigned as Ole- 29 , respectively, based on FAB-MS. In the 1 H-and 13 C-NMR spectra of each compound, six anomeric proton signals and six anomeric carbon signals were observed respectively, suggesting that these compounds were 3-O-hexosides. A comparative analysis of the 13 C-NMR spectra of these compounds and 10, 11 and 12, showed that carbon signals of these compounds were similar to those of 10, 11 and 12, except for those ascribable to an additional glucose unit in 14, 15 and 16, respectively. On acid hydrolysis of 15, cymarose, oleandrose, digitoxose, thevetose and glucose were obtained as the component sugars. The 13 C-NMR spectral data and the coupling constant of each anomeric proton signal suggested that the sugar moiety included one digitoxopyranose, one cymaropyranose, two oleandropyranose, one thevetopyranose and one glucopyranose. spectra, the structures of 14 and 16 also were determined, using the same procedure as for 15.
FAB-MS of telosmoside A 17 (17) afforded a [MϪH]
Ϫ peak at m/z 1378 (C 68 H 113 O 28 ), which was the same as that of 15. Acid hydrolysis of 17 afforded cymarose, oleandrose, digitoxose, 6-deoxy-3-O-methylallose and glucose as the component sugars. The anomeric proton signal of thevetose was observed in the field to be higher by 5.00 ppm in comparison with that of 6-deoxy-3-O-methylallose. Of these pregnane glycosides, telosmoside A 2 (2) tastes bitter, and some (1, 3-7) are tasteless, whereas the others (8-18) are sweet. Telosmoside A 15 (15), a major compound obtained in a large amount (1.7 g) was evaluated as 1000 times sweeter than sucrose. This is the first finding of intensely sweet pregnane glycosides in nature. Because of the small yield, the taste of other glycosides was not evaluated quantitatively. However, our preliminary sensory test of these compounds suggested that the taste correlated with the aglycone (to be reported elsewhere) and sugar moieties. Regarding the sugar moieties, the number of sugar units and the linkage of them seemed to play an important role in determining the intensity of sweetness. As far as our isolated compounds are concerned, more than four sugar units and a digitoxose unit attached directly to the aglycone seem to be necessary for sweet taste. Further study on the structure-taste relationship of pregnane glycosides is in progress.
Experimental
General Procedure Optical rotations were recorded on a Union PM-101 automatic digital polarimeter. NMR spectra were recorded on JEOL JNM A400 and JNM-ECP 500 spectrometers in pyridine-d 5 using tetramethylsilane (TMS) as an internal standard. MS were obtained on a JEOL JMS-SX102 spectrometer by the direct inlet method. HPLC was carried out using D-ODS-5 and Polyamine II (20 mm i.d.ϫ25 cm, YMC) columns with a TOSOH HLC 803D pump and a TOSOH RI-8000 differential refractometer as detector. 
